The conventional orthogonal space-time block code (OSTBC) with limited feedback has fixed feedback bits for the specific transmit antennas. A new partial feedback based OSTBC which provides flexible feedback bits is proposed in this paper. The proposed scheme inherits the properties of having a simple decoder and the full diversity of OSTBC, moreover, preserves full data rate. Simulation results show that for transmit antennas, the proposed scheme has the similar performance with the conventional one by using 1 p  T n p T n p 1 p  feedback bits, whereas has the better performance with more feedback bits.
Introduction
Orthogonal space-time block coding (OSTBC) is a simple and effective transmission paradigm for MIMO system, due to achieving full diversity with low complexity [1] . One of the most effective OSTBC schemes is the Alamouti code [2] for two transmit antennas, which has been adopted as the open-loop transmit diversity scheme by current 3GPP standards. However, the Alamouti code is the only rate-one OSTBC scheme [3] . With higher number of transmit antennas, the OSTBC for complex constellations will suffer the rate loss.
Focusing on this drawback, the open-loop solutions have been presented, such as the quasi-OSTBC (QOS-TBC) [4] with rate one for four transmit antennas, and other STBC schemes [5, 6] with full rate and full diversity. Alternatively, the close-loop solutions have also been designed to improve the performance of OSTBC by exploiting limited channel information feedback at the transmitter. In this paper, we focus on the close-loop scheme.
Based the group-coherent code, the bits feedback based OSTBC for T transmit antennas has been constructed in [7] , and generalized to an arbitrary number of receive antennas in [8] . The partial feedback based schemes in [7, 8] exhibit a higher diversity order while preserving low decoding complexity. However, these schemes for transmit antennas require a fixed number of
That is to say, for such scheme, improving the performance by increasing the feedback bits implies that the number of transmit antennas T must be increased at the same time. Therefore, the scheme is inflexible in compromising the performance and the feedback overhead.
n p
In this paper, by multiplying a well-designed feedback vector to each signal to be transmitted from each antenna, we propose a novel partial feedback based OSTBC scheme with flexible feedback bits. In this scheme, the OSTBC can be straightly extended to more than two antennas. Importantly, we can show that the proposed scheme preserves the simple decoding structure of OS-TBC, full diversity and full data rate. 
Proposed Code Construction and System Model
Consider a MIMO system with transmit and
where . For the feedback vector at the mth antenna, it contains a subset of all possible
where is the channel matrix, and is the 
Linear Decoder at the Receiver
The received signal at i th receive antenna can be rewritten as
where the T T matrix is composed of T feedback vectors, and can be expressed in a stacked form given by
We divide channel vector into segments in the following way
where each segment can be denoted as (
. Then the equivalent channel vector in (4) has the form of
For convenience, we will use the Alamouti code as the basic OSTBC matrix T n in the rest of this paper, and the results can be straightly extended to other OSTBC. For the received signal in (4), After performing the conjugate operation to the second entry of , the received signal can be equivalently expressed as
where is the equivalent channel matrix corresponding to the entries of and their conjugates, and
has a pair of symbols in the Alamouti code. Denote the kth entry of as , and according to the linearity of the OSTBC [9] , the equivalent channel matrix has the form of
where the matrices k and k D specifying the Alamouti code are defined in [9] . Since matched filtering is the first step in the detection process, left-multiplying by
where . Due to the properties of and for the Alamouti code, we get
where  denotes the equivalent channel gain for receive antenna i. It is clear that is a diagonal matrix, therefore, the simple decoder of OSTBC can be straightly applied for (7), thus 
Feedback Bits Selection and Properties
In this section, we will discuss the feedback bits selection criterion and the key properties of the proposed scheme.
Feedback Bits Selection
At the th receive antenna, 
. For all the R n receive antennas, then the total channel gain is given by 2 1
It is clear that in order to improve the system performance, we must feedback the specific l with bits, which provides the largest 
where denotes the n element in , and
Substituting (13) in (11) and
Thus, the feedback bits will be selected as ( 1) log p 1 arg max , 1, 2, ,
In this way, we can choose the optimal feedback vector , further construct for the mth transmit antenna. 
Diversity Analysis
The key property of the proposed partial feedback based OSTBC scheme is proved in the following.
Property 1:
The partial feedback based OSTBC in (1) can achieve full diversity.
T Proof: For simplicity, we denote
. Selecting the optimal will provide the largest channel gain
For the summed matrix , it is clear that its
diagonal elements equal to L, and its non-diagonal elements have the form of
Therefore, we can obtain 
Conclusions
In this paper, we proposed a partial feedback based OSTBC scheme with flexible feedback bits. The new scheme inherits the OSTBC properties of achieving full diversity, preserving low decoding complexity, and has full rate. Moreover, compared with the conventional partial feedback based OSTBC schemes, the new scheme can support flexible feedback bits and can improve the system performance with more feedback bits.
